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The  stability  and  the  anti-ageing,  skin  hydrating  and  anti-erythema  effects  of  a commercialized
Crocodylus  niloticus  Laurenti,  1768,  Crocodylidae,  oil lotion  was  determined.  The  lotion  was stored
at  controlled  conditions  over  six  months  during  which  several  stability  tests  were  performed.
For  the  clinical  efﬁcacy  studies  lotion  was  applied  on  volar  forearm  skin  (female  volunteers)
and  compared  to a liquid  parafﬁn-containing  reference  product.  Skin  hydrating  and  anti-ageing
effects  were  determined  with  a  Corneometer®, Cutometer® and Visioscan®, following  single
(3 h) and  multiple  applications  (12 weeks).  The  Vapometer® and  Mexameter® were  utilized  to
determine  this  lotion’s  anti-erythema  effects  on sodium  lauryl  sulfate  irritated  skin.  The  lotion
demonstrated  good  stability  over  6  months.  The reference  product  increased  skin  hydration  and
decreased  skin  wrinkles  to a larger  extent  than  the  C. niloticus  lotion  after  a  single  application,
whereas  the  C. niloticus  lotion  decreased  skin  scaliness  better  than  the  reference  product.  Dur-
ing  the long-term  study,  the reference  product  overall  increased  skin  hydration  more  than  the
C.  niloticus  lotion,  whereas  C.  niloticus  lotion  increased  skin  elasticity  to a larger  extent  than  the  reference
product.  C.  niloticus  lotion  increased  skin  wrinkles  and  decreased  skin  scaliness  over  12 weeks.  Com-
pared to non-treated,  irritated  skin, C.  niloticus  lotion  demonstrated  some  potential  anti-inﬂammatory
characteristics.
©  2016  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CCaccess  article  under  t
ntroduction
Skin ageing has forever fascinated and inspired researchers in
earch of solutions that would help prevent wrinkle formation.
dditionally, the skin represents an excellent and accessible model
rgan which allows both intrinsic and extrinsic ageing factors to be
tudied; of which both promote to the multifaceted phenomenon of
geing. Chronological (intrinsic) ageing affects the skin in a man-
er similar to other organs, whilst extrinsic ageing is related to
nvironmental damage (mainly ultraviolet-induced) of the dermal
onnective tissue of the skin. There is evidence that the process
f intrinsic and extrinsic ageing have at least in part overlapping
iological-, biochemical-, and molecular mechanisms (Ma  et al.,
001).Ageing causes a functional deﬁcit in the skin through struc-
ural and molecular degradation. This degradation results in
linical changes, including wrinkling, color changes, laxity and
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non-elasticity. An ageing dermis results in increasingly tight,
inelastic tissue that is less capable of undergoing modiﬁcations in
response to stress (Diridollou et al., 2001).
Natural oils are widely used in cosmetics and can be used to
treat a growing number of conditions (Nielsen, 2006). Natural oils
contain a range of fatty acids, which contribute towards various
favorable properties in personal care and cosmetic products. The
use of animal oils in cosmetics has increased over the past few years.
Oil is harvested from the fat of Crocodylus niloticus Laurenti,
1768, Crocodylidae, which is native to Africa and can reach up
to 7 m in length and up to 730 kg in weight. By-products from
C. niloticus, such as the oil, are widely accepted as folk remedies
by Chinese communities around the world, although its beneﬁcial
effects have not yet been proven. C. niloticus oil can be used as cos-
metic or lubricant and therefore rivals with other natural oils (i.e.
emu- and ostrich oil) that possess similar beneﬁts (Shim-Prydon
and Camacho-Barreto, 2007).Numerous claims of positive results are reported with regards to
topically applied, C. niloticus oil-containing product. These include
the fading of freckles, uneven dark tones, sun spots, acne, pimple
marks, dark lines, wrinkles and laugh lines. Additionally, it aids in
ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
5  de Fa
p
c
m
f
o
C
p
a
A
i
t
i
o
f
b
d
C
a
a
e
s
a
t
a
a
p
w
s
M
M
o
i
o
p
c
e
M
p
w
U
M
S
e
o
t
H
c
c
h
6
C
t
2
6
s22 T. Venter et al. / Revista Brasileira
reventing skin discoloration and has demonstrated the ability to
ontrol rashes and dryness to make the skin softer, brighter and
ore attractive (Lötter, 2009).
A study by Buthelezi et al. (2012) identiﬁed sixteen fatty acids
rom the oil of C. niloticus, with the major components being
leic-, palmitic- and linoleic acid. These researchers found that
. niloticus oil had shown antimicrobial activity against Klebsiella
neumoniae and Staphylococcus aureus.  In addition, the oil had
lso demonstrated anti-fungal speciﬁcity against Candida albicans.
nti-inﬂammatory assays indicated that a fairly short acting anti-
nﬂammatory response had occurred after oral administration of
he C. niloticus oil; whereas an acute, somewhat long acting anti-
nﬂammatory response had been observed after topical application
f the oil (Buthelezi et al., 2012). Researchers during another study
ound that oil from Crocodylus siamensis had enhanced cutaneous
urn wound healing and improved skin regeneration and collagen
eposition (Li et al., 2012).
These studies identiﬁed the potential use of the oil from the
rocodylus species in wound care management, but also as an
nti-inﬂammatory and antimicrobial agent. Little research on its
nti-ageing and skin hydrating effects on the human skin is, how-
ver, reported in the available literature. The ﬁrst aim of this
tudy therefore was to determine the stability of a commercially
vailable C. niloticus oil lotion product. Secondly, non-invasive elec-
rical instruments were used to determine the skin hydration and
nti-ageing effects in human volunteers, after single and multiple
pplications of the C. niloticus oil lotion, compared to a reference
roduct, containing liquid parafﬁn. Thirdly, the C. niloticus oil lotion
as tested to determine its anti-erythema effects on sodium lauryl
ulfate (SLS) irritated skin.
aterials and methods
aterials
Commercial Crocodylus niloticus Laurenti, 1768, Crocodylidae,
il (20%) lotion was obtained from a crocodile and reptile park
n South Africa. The reference product to which the C. niloticus
il lotion was compared was of the comparable base com-
osition, but instead contained liquid parafﬁn (20%). Due to
ommercial-in-conﬁdence, the authors are unable to disclose the
xact composition of this formulation. SLS was purchased from
erck Laboratory Supplies (Midrand, South Africa). Deionized high
erformance liquid chromatography (HPLC) grade water, prepared
ith a Milli-Q® water puriﬁcation system (Millipore, Milford, MA,
SA), was used throughout this study.
ethods
tability testing
The purpose of stability testing during this study was  to provide
vidence on how the quality of a drug substance would vary
ver time under the inﬂuence of a range of environmental fac-
ors of temperature and humidity (International Conference on
armonization, 2003). For the purpose of this study, the C. niloti-
us oil lotion was stored in its original packaging (50 ml  plastic
ontainer) at accelerated stability conditions of 25 ◦C/60% relative
umidity (RH), 30 ◦C/60% RH and 40 ◦C/75% RH over a period of
 months, according to the guidelines provided by the International
onference on Harmonization of Technical Requirements for Regis-
ration of Pharmaceuticals for Human Use Tripartite Guideline (ICH,
003). The stability tests being performed at months 0, 1, 2, 3 and
 included pH, viscosity, visual appearance, zeta-potential, droplet
ize and mass loss.rmacognosia 26 (2016) 521–529
pH
The pH of the lotion at each storage condition was  measured
in triplicate with a Mettler Toledo pH meter (Mettler Toledo AG,
Giessen, Germany), equipped with a glass Mettler Toledo InLab®
410 (Schwerzenbach, Switzerland) electrode.
Viscosity
A Brookﬁeld Viscometer (Model DV II+, Middleboro, MA,  USA),
mounted on a Helipath D20733 stand and ﬁtted with a T-bar spindle
was used to determine the viscosity of the lotion at each storage
condition. The lotion was  placed in a pre-heated water bath to reach
a temperature of 25 ◦C. The viscosity reading was measured every
10 s for the duration of 5 min. Approximately thirty-two readings
were generated and the average viscosity determined.
Visual appearance
The visual appearance of the formulation at each stability test
condition was assessed by comparing the color of the lotion to the
initial color and appearance of the C. niloticus oil lotion. Photos were
taken of each formulation, placed at the same location in the labo-
ratory each time that appearance was  evaluated. A digital camera
was placed approximately 15 cm away from the formulations.
Zeta-potential
The formulation (1 g), from each storage condition, was weighed
in triplicate in 100 ml  volumetric ﬂasks. The lotion samples were
made up to volume with 0.1 M potassium chloride solution. The
zeta-potential of each sample was  measured by injecting the pre-
pared samples into a Malvern Zetasizer 2000 (Worcestershire,
United Kingdom). The zeta-potential of the formulation at each
condition was measured in triplicate.
Droplet size
Initially, approximately 0.5 g of the formulation from each sta-
bility storage condition was  mixed with approximately 3 ml  of
HPLC water to moisten the formulation into a uniform, liquid dis-
persion. Each lotion sample was  prepared in triplicate. Thereafter,
these mixtures were further diluted with approximately 4.5 ml of
HPLC water, mixed well and injected into a Malvern Mastersizer
2000 (Worcestershire, United Kingdom). In addition, the wet cell
Hydro 2000 SM was also used to serve as the interface between the
sample dispersion accessory and the optical unit. Samples were
analyzed in triplicate at a rotating speed of 1500 rpm.
Finally, the statistics of the distribution were calculated from
the results, using the derived diameters D [m,n], an internationally
recognized method of deﬁning the mean and other moments of
particle size.
Mass loss
The mass of the formulation was measured prior to placing it
on stability using a Shimadzu scale (Kyoto, Japan). Thereafter, the
mass of the formulation at each stability condition (over 6 months)
was determined in triplicate and deducted from the initial mass
measurements.
Clinical efﬁcacy testing
Clinical study protocol
Guidelines for Good Clinical Practice (GCP) was followed and
this study was carried out in accordance with the Helsinki dec-
laration (Ethical principles of medical research involving human
subjects) and had been pre-approved by the Ethics Committee of
the North-West University (Potchefstroom campus, South Africa)
under the project title of “(In vivo) Cosmetic efﬁcacy studies” (NWU-
00097-10-A5).
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Table 1
Summary of the short- and long-term studies.
Short-term study Long-term study
Amount of volunteers 9 18–22a
Duration 3 h 12 weeks
Measurement times T0: baseline T0: baseline
T1: 1 h T1: 2 weeks
T2: 2 h T2: 4 weeks
T3: 3 h T3: 8 weeks
T4: 12 weeks
Instruments and
parameters used
Corneometer®: skin
hydration
Corneometer®: skin
hydration
Visioscan®: SEw, SEsc Visioscan®: SEw, SEsc
Cutometer®: R2, R5, R7T. Venter et al. / Revista Brasileira
All subjects signed an informed consent form and were informed
hat they were free to discontinue their participation at any time
uring the study, without any consequences. A group of healthy
emale subjects, between the ages of 40 and 65 years, participated
n the study. Important variables, such as sex and race, can inﬂu-
nce biophysical measurements (Berardesca, 2011). Consequently,
nly female volunteers were included in the study so as to attain
 uniform population in which these factors are regulated. Testing
nly commenced after a 7 day washout period during which partic-
pants followed their normal skin cleansing routines, but they were
nly allowed to use the supplied Dove® soap bars.
All participants complied with both the inclusion (above) and
xclusion criteria. The exclusion criteria were:
1. Any previous treatment with C. niloticus oil lotion.
2. Any history of eczema.
3. Any episode of psoriasis within 6 months prior to the study.
4. The occurrence of any allergic skin reaction 30 days prior to the
study.
5. Any uncontrolled systemic disease.
6. Any dermatological illnesses that could interfere with treat-
ment, or the interpretation of results.
7. Any taking of a topical or systemic drug that could inﬂuence
the test outcomes.
8. Any recent history of intolerance to cosmetic products.
9. Having any condition that could interfere with neuromuscular
function.
0. Pregnant or lactating women, or women who may  possibly
have been exposed to high doses of UV radiation recently.
The chosen anatomical test area for this study was  the volar fore-
rm, as it is hairless, contains a small amount of sebaceous glands
nd offers a relatively large available skin surface area (Bazin and
anchon, 2006).
C. niloticus oil lotion was compared to a reference product
lotion) with similar base composition, but containing liquid paraf-
n, instead of C. niloticus oil. Since the C. niloticus oil lotion is a
ommercial product, its composition cannot be disclosed. The liq-
id parafﬁn, present in the reference product, is a well-known,
ommonly used occlusive (Draelos, 2000). An occlusive increases
he water content of the stratum corneum (SC), by reducing
ransepidermal water loss (TEWL) by forming a hydrophobic bar-
ier over the skin (Wiechers and Barlow, 1999; Kraft and Lynde,
005). It is believed that occlusives diffuse into the intercellular
ipid domains which add to their efﬁciency (Kraft and Lynde, 2005).
On the mornings of measurement, any use of alcohol, caffeine
nd vasoactive medications were prohibited, to prevent the pos-
ible alteration of the microcirculation of the skin and hence any
ndirect impact on the skin hydration proﬁle. All measurements
ere conducted under controlled temperature and humidity con-
itions (20–25 ◦C and 50 ± 10% RH). The subjects were allowed to
cclimate to the room conditions for at least 30 min  before any
easurements were taken (Darlenski and Fluhr, 2011).
ingle application (short-term) and multiple applications
long-term) hydration and anti-ageing studies
These studies were performed to investigate the skin hydra-
ion and anti-ageing effects of the C. niloticus oil lotion after single
short-term) and multiple (long-term) applications, compared to a
eference product. A summary of these studies is given in Table 1.
The short-term study served as a pilot study for predicting prod-
ct efﬁcacy (Berardesca, 1997).A group of nine subjects participated in the short-term study.
wo treatment areas (3.5 cm × 1.5 cm)  were marked on the domi-
ant forearm with a Codman® surgical marker. A baseline reading
T0) was taken, after which the C. niloticus oil lotion and theSEw, wrinkling; SEsc, scaliness.
a Amount of volunteers depended on outliers in data set that were removed.
reference lotion were applied on the marked squares. Thereafter,
measurements were taken at 1 h (T1), 2 h (T2) and 3 h (T3) after
application of the lotions.
During the long-term study the two treatment areas
(3.5 cm × 1.5 cm)  were located on the non-dominant forearm.
A baseline reading (T0) was taken, followed by measurements
after 2 (T1), 4 (T2), 8 (T3) and 12 (T4) weeks of treatment. The
reference product and C. niloticus oil lotion were applied on the
marked squares twice daily, between 6 to 8 am in the mornings
and between 6 and 8 pm in the evenings. The amount of product
spread onto the marked areas with a gloved-covered ﬁnger was
1–3 l/cm2 (1–3 mg/cm2) (measured with a syringe). The subjects
also received a timetable on which to document the times at which
they applied the lotion. On measurement days, the subjects were
not allowed to apply the treatment in the mornings, but only in
the evening prior to taking the measurements.
Skin ageing is a complicated process and is portrayed by a
decline in elasticity, and an increase in wrinkling, dryness and
roughness (Gilchrest, 1989). The non-invasive Corneometer® CM
825, Visioscan® VC 98 and Cutometer® dual MPA 580 from
Courage-Khazaka (Cologne, Germany) are well-suited to determine
the changes in these skin parameters caused by ageing.
These instruments were used during both the short-and long-
term studies to determine the skin hydration and anti-ageing
effects of the C. niloticus oil- and reference lotions. In addition, the
Cutometer® dual MPA  580 was  utilized for the long-term study.
The Corneometer® measures the water content of the SC (skin
hydration) by means of the capacitance method. Since water has
the highest di-electrical constant in the skin, increased capacitance
values would therefore be indicative thereof that the water con-
tent of the skin (skin hydration) has increased. The mean change in
water content of the SC (after three measurements) was converted
into arbitrary units (AU) (Berardesca, 1997; Darlenski and Fluhr,
2011).
The Visioscan®was used to analyze the changes in skin topogra-
phy and it comprises of a high resolution camera and a halogenide
light source. Ultraviolet light uniformly illuminates the skin surface,
and a built-in camera takes images of the skin area (6 mm × 8 mm);
where after they are displayed as high resolution black and white
images to clearly show the wrinkles and skin surface properties.
Computer software make use of the Surface Analysis of Living
Skin (SELS) method to analyze the image data and calculate sev-
eral SELS parameters which are used to evaluate the skin surface;
both quantitatively and qualitatively (Udompataikul et al., 2009).
The parameters used during this study were wrinkling (SEw) and
scaliness (SEsc).SEsc is indicative of the dryness level of the skin. Consequently,
stratum corneum dehydration can be evaluated by this parameter.
A smaller value of SEsc indicates a higher level of skin hydration
with less scaliness (Kim et al., 2004). Therefore, a decrease in SEsc
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s an indication of the capability of the applied formulations to
ncrease skin hydration.
The width and number of skin wrinkles are assessed by Sew,
hich is evaluated by the proportion of vertical and horizontal
rinkles (Choi et al., 2013). A higher SEw value indicates that more
nd wider wrinkles are present (Udompataikul et al., 2009) and
herefore, it is predicted to decrease when the formulation possess
nti-ageing properties.
The Cutometer® MPA  580 measures the mechanical properties
f the skin (i.e. skin elasticity) (Darlenski et al., 2011). The decrease
n skin elasticity, associated with an increase in age, is not as evi-
ent as the other signs of ageing (i.e. wrinkles) and therefore it is
mportant to also investigate the elasticity of the skin (Ahn et al.,
007). The Cutometer® MPA  580 mechanically deforms the upper
kin layer by way of applying a negative pressure that pulls the
pper layer of the skin into the probe opening. Thus, the skin
esistance (ﬁrmness), when pulled into the probe opening, and
he skin’s capability to recuperate from such deformation (elas-
icity), are measured. These values are calculated and represented
y a deformation curve from which elasticity (R) parameters were
alculated.
The overall elasticity (R2), net elasticity (R5) and the ratio of
lastic recovery to the total deformation (R7) parameters are all
elated to skin elasticity (Choi et al., 2013) and were found to be
he most suitable indicators of the inﬂuence of ageing on the skin’s
echanical properties (Ahn et al., 2007) and were therefore inves-
igated during this study. These parameters are associated with
he functioning of the skin’s elastic ﬁbers and are indicative of any
hanges, due to genetic, physiological, or acquired pathological skin
onditions (Dobrev, 2002).
A negative correlation exists between the R2, R5 and R7 (espe-
ially) parameters and age. A decrease in the biological elasticity
f the skin is observed in both actinic and biological ageing, which
s reﬂected by a decrease in the R5 and R7 values. It was deter-
ined that especially the R7 parameter, correlated with age. The
et elasticity, R5, may  be solely inﬂuenced by the skin’s elastic
bers, whereas R7 could be inﬂuenced by changes in both skin vis-
osity and elasticity. As a result, R7 correlated with ageing more
han R5. Due to the R7 parameter having a higher correlation with
ge than the R2 parameter, it suggests that the elastic ﬁbers degrade
uicker with ageing than the other skin components (Ryu et al.,
008).
nti-inﬂammatory effects of C. niloticus oil (erythema study)
Erythema is a result of skin inﬂammation and irritation and
an be characterized by an increase in skin redness instigated
y hyperaemia of superﬁcial skin tissue due to capillary dala-
ion. This phenomenon can be used to assess the anti-erythema
anti-inﬂammatory) potential of C. niloticus oil lotion by way of
easuring the erythema value of irritated skin before and after
reatment with C. niloticus oil lotion. The level of skin redness is
irectly related to the concentration of haemoglobin in the skin
hich intensiﬁes with hyperaemia of the superﬁcial skin tissue.
The anti-erythema effects of the formulations were determined
y conducting a study in accordance with the guidelines on SLS
xposure tests from the Standardization Group of the European
ociety of Contact Dermatitis (Tupker et al., 1997). Four areas of
.5 cm × 1.0 cm on the dominant vertical forearm of twelve subjects
ere marked with a Codman® surgical marker. Two non-invasive
nstruments, namely the Mexameter® MX  18 (Courage-Khazaka,
ologne, Germany) and Vapometer® (Delﬁn Technologies Ltd.,
uopio, Finland) were used. Baseline readings (T0) were taken with
hese two instruments, prior to applying a 1% w/v  SLS solution on
our areas under occlusion, using Finn Chambers® (internal diame-
er of 8 mm containing ﬁlter papers) on Scanpor® (SmartPractice®,
ednom, Cape Town, South Africa). The Finn Chambers®rmacognosia 26 (2016) 521–529
containing the 1% w/v SLS solution were applied for 24 h to induce
erythema. In order to prevent false readings resulting from the
hyperhydration effect of the SLS and the occlusive effect of the Finn
Chambers® (Darlenski et al., 2011), the ﬁrst measurement (T1) was
taken 24 h after removal of the Finn Chambers®. Thereafter, the
reference lotion, C. niloticus oil lotion and hydrocortisone cream
(1% w/v, positive control) was each applied to three of the four areas
where SLS had caused irritation to the skin. The fourth irritated
area was left untreated, to serve as a negative control. The second
measurement (T2) was  taken 24 h after application.
The Mexameter®was employed to assess the haemoglobin (ery-
thema) content in the upper layer of the skin. Blood is coloured
red as haemoglobin reﬂects red ( = 660 nm)  light and absorbs
green ( = 568) light. The dissimilarities in light absorption by
haemoglobin result in a certain intensity of reﬂected light which
can be measured. The Mexameter® probe emits the speciﬁc light
wavelengths and a receiver measures the light reﬂected by the skin.
As the quantity of emitted light is deﬁned, the quantity of light
absorbed by the skin can be calculated. The redness (erythema)
value is expressed as arbitrary units ranging from 0 to 999.
It was expected that the haemoglobin content values would
be higher after irritation (T1) than the baseline readings (T0). A
decrease in these (T1) values (at T2) was indicative of the effective-
ness of the formulation as an anti-erythema agent.
The VapoMeter® (Delﬁn, Finland) is a closed chamber instru-
ment which measures skin surface TEWL. It is regarded as the
most suitable non-invasive method to examine the impaired bar-
rier function of skin irritated with SLS (Fluhr et al., 2001). TEWL
parameters indicate the degree of efﬁcacy by intact skin to prevent
unrestrained water loss through evaporation from the SC. TEWL
reﬂects permeability and efﬁcient skin barrier function (Darlenski
et al., 2011; Darlenski and Fluhr, 2011). TEWL values increase after
application of SLS (T1) and a decrease in these values (at T2) would
be indicative of the formulations’ abilities to help repair the barrier
function of the skin.
Data analysis
Data analysis for clinical efﬁcacy experiments
All of the parameters being measured during the short- and
long-term studies, at all of the treatment areas, were presented
as a percentage of change, relative to the initial condition (T0), by
utilizing Eq. (1).
% Change =
[
Tn − T0
T0
∗ 100
]
(1)
where Tn represents the value for n = 1, 2 and 3 h in the short-term
study, and for n = 2, 4, 8 and 12 weeks in the long-term study. The
percentage change during the erythema study after treatment (T2),
relative to the conditions after irritation (T1), was  calculated by
using Eq. (2).
% Change =
[
T2 − T1
T1
∗ 100
]
(2)
Statistical analysis
Statistical analysis was  carried out using Prism. As measure-
ments were repeated over time and every volunteer was exposed
to each of the different treatments, a two-way RM (repeated meas-
ures) ANOVA (analysis of variance) was  used to analyze the data
(short- and long-term studies) for statistical signiﬁcant differences.
This was followed by pairwise comparisons with a Bonfer-
roni adjustment between the levels of time and between the
different treatments to establish which means are statistically sig-
niﬁcantly different (Anderson et al., 2011). Data obtained from
the anti-erythema study was analyzed by two-way RM ANOVA
T. Venter et al. / Revista Brasileira de Farmacognosia 26 (2016) 521–529 525
Table  2
The percentage change in physical properties at different stability test conditions of
C.  niloticus oil lotion after a 6 month period.
25 ◦C/60% RH (%) 30 ◦C/60% RH (%) 40 ◦C/75% RH (%)
pH −1.40 −1.76 −3.28
Viscosity −10.90 −32.10 −46.00
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C. niloticus oil lotion Reference productZeta-potential −2.50 −5.00 +6.50
Mass loss −0.56 −0.63 −0.73
Droplet size 47.45 40.18 50.73
o determine the statistical signiﬁcant difference between the
ifferent treatments and the irritated, untreated skin values. Sta-
istical signiﬁcance was tested at a 5% (0.05) level of signiﬁcance;
herefore a p-value 0.05 indicated statistically signiﬁcant differ-
nces between the compared values. Outliers were eliminated from
he data set by utilizing standardized values (z-scores). Data was
reated as an outlier when the z-score was less than −3, or higher
han +3 (Anderson et al., 2011).
esults and discussion
tability testing
Table 2 summarizes the percentage change in the physical
roperties and approximate increase in droplet size (m)  of the
. niloticus oil lotion, stored at different stability test conditions
fter a 6 month period.
As reﬂected by the small percentage change, the pH of the
otion remained stable over 6 months of testing. Even though it
s common knowledge that an increase in temperature decreases
iscosity; it is also apparent that the RH did not inﬂuence vis-
osity as much as the temperature did, i.e. when comparing the
hange (21.2%) in viscosity when RH stayed the same (25 ◦C/60% RH
ith 30 ◦C/60% RH) with the change (13.9%) in viscosity when RH
ncreased (30 ◦C/60% RH with 40 ◦C/75% RH). Nonetheless, although
 large decrease in viscosity was observed over the different storage
onditions, which may  have been a warning of potential instability,
he lotion (physically) had a suitable texture and could be applied
atisfactorily. The zeta-potential of the lotion at all three controlled
tability conditions remained within the same range and could be
egarded as stable over the 6 months test period. The small weight
ecrease was indicative thereof that the lotion remained stable
ver the 6 months and that the containers had sealed sufﬁciently
ell to avoid evaporation during the stability period. Over the
 months of stability testing, the change in particle size increased
ore than 40% over the different storage conditions, which may
e attributed to the agglomeration of the particles. None of the
otion’s stored at all three stability conditions showed any signiﬁ-
ant changes in color over the 6 months of evaluation.
linical efﬁcacy
hort-term study
Fig. 1 illustrates that the reference product caused an increase
n skin hydration to a slightly higher extent than the C. niloticus oil
otion, after 1, 2 and 3 h following application. Statistical analysis
ith a two-way RM ANOVA showed that no statistically signiﬁcant
ifference (p-value = 0.664) was, however, observed between the
eference product and the C. niloticus oil lotion at any one of the
ime points. Statistical analysis (two-way RM ANOVA) showed that
he Corneometer® values changed statistically signiﬁcantly over
ime (p < 0.0001).The Bonferroni multiple comparisons test between the levels of
ime revealed that both the C. niloticus oil lotion and the reference
roduct had statistically signiﬁcantly increased skin hydration over
ime (p < 0.05) when compared to the initial conditions (T0), i.e.  T1,Fig. 1. Percentage change in skin hydration as measured by the Corneometer® dur-
ing  the short-term study (n = 9).
T2 and T3 were statistically signiﬁcantly different from T0. This was
indicative thereof that the skin hydration effects of these two for-
mulations were somewhat time dependent. For the C. niloticus oil
lotion a statistical signiﬁcant difference was also observed between
T1 and T3.
The SEW parameter (Fig. 2A) showed that both formulations
had decreased the extent of wrinkles after 1, 2 and 3 h following
application, compared to initial conditions. The reference product
had, however, decreased SEW more than the C. niloticus oil lotion
after 1 and 2 h of application, whereas the C. niloticus oil lotion
decreased SEW more than the reference product after 3 h following
application. As determined with two-way RM ANOVA, none of
these differences was  statistically signiﬁcant, i.e. there was  no sta-
tistical signiﬁcant difference (p-value = 0.394) observed between
the C. niloticus oil lotion and the reference product at any of the
times measured. There was  also no statistical signiﬁcant difference
seen over time (p-value = 0.075; two-way RM ANOVA).
The C. niloticus oil lotion had decreased the SESC (Fig. 2B) more
than the reference product after 1, 2 and 3 h following application,
although not statistically signiﬁcantly (p = 0.941; two-way RM
ANOVA). However, a p-value of 0.041 (two-way RM ANOVA)
revealed a statistical signiﬁcant difference between the different
levels of time. The Bonferroni post test revealed that the C. niloticus
oil lotion had decreased the SESC statistically signiﬁcantly over
time, from baseline (T0) to T1, T2 as well as T3.
From the results of the short-term study, it was decided to con-
duct a long-term study to determine how these formulations would
perform over a longer period of time, especially since both formula-
tions’ skin hydration capabilities were found to be somewhat time
dependent.
Long-term study
According to Fig. 3A, both formulations had caused an increase
in skin hydration, although the reference product had increased the
hydration state of the skin to a larger extent than the C. niloticus oil
lotion after 2, 8 and 12 weeks of application. The C. niloticus oil lotion
had increased skin hydration more than the reference product after
4 weeks of application. Statistical analysis (two-way RM ANOVA)
showed that the treatment type had a statistically signiﬁcant
effect (p < 0.001) on the values obtained with the Corneometer®.
Pairwise comparisons with a Bonferroni adjustment between the
different treatments showed a statistical signiﬁcant difference
between C. niloticus oil lotion and the reference product at T1, T2
and T3. Consequently, it can be said that the reference product
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nhanced skin hydration statistically signiﬁcantly more than the
. niloticus oil lotion after 2 and 8 weeks of treatment.
It was furthermore found that skin hydration changed statis-
ically signiﬁcantly over time (p < 0.001; two-way RM ANOVA).
tatistical signiﬁcant differences were observed (with Bonferroni
ethod) for the C. niloticus oil lotion between T0 vs. T1, T2, T3 as
ell as T4; between T1 vs. T4 and T2 vs. T4. For the reference prod-
ct, statistical signiﬁcant differences were observed between initial
onditions (T0) and subsequent measurements (T1, T2, T3 and T4)
s well as between T1 vs. T2. This showed that the skin hydration
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effects of the C. niloticus oil lotion as well as the reference product
were time dependent.
These results correlated with the results found during the short-
term study. The superior skin hydration effect of the reference
product could have been ascribed to the occlusive, i.e. the liquid
parafﬁn, present in the formulation. As was  stated above, this occlu-
sive is a well-known and commonly used moisturizer (Draelos,
2000).
An evaluation of the results obtained with the Cutometer® indi-
cated that the C. niloticus oil lotion had generally improved skin
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lasticity more than the reference product. The C. niloticus oil lotion
ad increased the overall elasticity (R2) (Fig. 3B) of the skin more
han the reference product during the long-term study, except after
 weeks of treatment. Analysis with two-way RM ANOVA indicated
hat time as well as treatment type showed a statistical signiﬁcant
ffect (p < 0.0001). The Bonferroni multiple comparisons test indi-
ated the following statistical signiﬁcant differences between the
evels of time for the C. niloticus oil lotion: T0 vs. T1, T0 vs. T4, T1 vs.
2, T2 vs. T3 and T2 vs. T4. Statistical signiﬁcant differences were
bserved for the reference product between T0 vs. T1 and T1 vs. T2.
etween the different treatments, statistical signiﬁcant differences
ere only observed after 4 weeks (T2) of treatment.
A two-way RM ANOVA indicated that the treatment type had a
tatistical signiﬁcant effect (p = 0.005) on the R5 values. Both the ref-
rence product as well as the C. niloticus oil lotion had increased the
5 parameter (Fig. 3C), although the latter formulation increased
t the most throughout the long-term study. A statistically signif-
cant difference (p < 0.0001; two-way RM ANOVA) was observed
ver time for the R5 parameter. For the C. niloticus oil lotion, sta-
istical signiﬁcant differences (Bonferroni) were observed between
0 vs. T1, T3 as well T4, T1 vs. T2 and T2 vs. T4. Statistical signiﬁcant
ifferences were shown between T0 vs. T1 and T1 vs. T2, T3 as well
s T4 when volunteers were treated with the reference product.
Fig. 3D illustrates that the C. niloticus oil lotion had increased
he ratio of elastic recovery to total deformation (R7 parameter)
ore than the reference product over the 12 weeks of treatment.
 two-way RM ANOVA revealed that both time as well as treat-
ent type had a statistical signiﬁcant effect on the R7 values. C.
iloticus oil lotion showed to have statistical signiﬁcant differences
etween certain time points (as determined by Bonferroni adjust-
ent), i.e. T0 vs. T1, T3 as well as T4 and between T1 vs. T2. For
he reference product statistical signiﬁcant changes were observed
etween times T0 vs. T1 as well as T3. Statistical analysis indicated
hat the C. niloticus oil lotion enhanced the R7 parameter statisti-
ally signiﬁcantly more than the reference product at T1, T2 and
3.
In a study by Choi et al. (2013), a positive relationship was found
etween skin hydration and the R2 and R5 parameters. This correla-
ion was also observed in the long-term study, as both formulations
ad increased skin hydration and the R2, R5 and R7 parameters.
ven though the reference product had increased skin hydration
ore than the C. niloticus oil lotion, the C. niloticus oil lotion had
ncreased the elasticity parameters to a larger extent than the ref-
rence product. It would therefore be incorrect to assume that oneas measured by the Visioscan® during the long-term study.
product would enhance skin elasticity more than the other, if purely
based upon their abilities to enhance skin hydration.
Generally, it is assumed that skin elasticity would increase with
an increase in skin hydration. Contrary to the expectation, however,
Wiechers and Barlow (1999) found that enhanced skin moistur-
ization would not automatically result in improved skin elasticity.
Except for water, it is unlikely that a molecule would possess both
elasticity enhancing and moisturization capabilities (Wiechers and
Barlow, 1999). Following the long-term application of a moistur-
izer, Jemec and Na (2002) suggested that the skin hydration level
would be a poor predictor of skin mechanics. They found that
although the hydration state of the skin had improved (increased
skin capacitance), no change had been observed with regards to any
of the skin mechanical parameters (i.e.  distensibility, hysteresis and
elasticity), when compared to the control.
Results obtained with the Visioscan® during the long-term
study with regards to the SEW parameter, contrasted with the
results obtained during the short-term study. As illustrated by
Fig. 4A, the C. niloticus oil lotion had increased this parameter to a
larger extent than the reference product. Results showed that the C.
niloticus oil lotion had not reduced skin wrinkles (SEW) as had been
expected in light of its demonstrated improved skin hydration and
skin elasticity effects. A study by Choi et al. (2013) had found a neg-
ative correlation between SEW and the hydration level of the skin,
suggesting that wrinkles were reduced by an increase in skin hydra-
tion (Choi et al., 2013). This correlation was, however, not replicated
during this current study. It was determined by way of two-way
RM ANOVA that time also had a statistical signiﬁcant effect on
skin wrinkles (p = 0.004). A statistically signiﬁcant difference (after
pairwise comparisons with a Bonferroni adjustment) was observed
over time (i.e. between T0 vs. T1, T2, T3 as well as T4), with regards
to the C. niloticus oil lotion treatment. The increase in the SEW
parameter was  inconsistent with the SESC parameter values.
The SESC parameter results obtained during the long-term study
correlated well with the results obtained during the short-term
study, as it was found that the C. niloticus oil lotion had decreased
scaliness to a larger extent than the reference product (Fig. 4B). Only
time was  shown (by means of two-way RM ANOVA) to statistically
signiﬁcantly affect skin scaliness (p < 0.0001). The Bonferroni mul-
tiple comparisons test revealed statistical signiﬁcant differences
between T0 vs. T1, T2, T3 as well as T4 and between T1 vs. T4. For
the reference product statistical signiﬁcant changes in skin scali-
ness were observed between T0 vs. T1, T2, T3 as well as T4. These
results indicate that the effect of both C. niloticus oil lotion as well as
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Table 3
Percentage change in skin erythema (haemoglobin and TEWL) from untreated
irritation (T1) to treated skin (T2).
Treatment Haemoglobin TEWL
Irritated skin without treatment 2.90 ± 11.10 77.24 ± 136.90
Crocodylus niloticus oil lotion 0.36 ± 9.76 76.27 ± 135.50
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Hydrocortisone (1% w/v) −0.66 ± 20.86 84.35 ± 144.70
he reference product was  time dependent. Pairwise comparisons
ith a Bonferroni adjustment between the different treatments
howed no statistical signiﬁcant difference at any of the measure-
ent times.
rythema study
The percentages changes in skin erythema, as expressed
y the haemoglobin content (Mexameter®, n = 12) and TEWL
Vapometer®, n = 12), from the untreated skin irritation (T1) con-
ition to after treatment (T2) with the different formulations, are
ummarized in Table 3.
None of the treatments had a signiﬁcant effect on the
aemoglobin content of irritated skin after one application. The
eference product had decreased the skin haemoglobin content
he most, followed by the positive control, i.e.  the hydrocortisone
ream. The C. niloticus oil lotion slightly increased the haemoglobin
ontent of the skin, although to a lesser extent than the irritated,
ntreated skin. No statistically signiﬁcant differences (p > 0.05)
ere observed between any of the treated skin or the untreated,
rritated skin (determined with two-way RM ANOVA).
The Vapometer® results showed that none of the treatments
ad lowered the TEWL values (no negative percentage change had
een observed), but had in fact increased these values. The refer-
nce product did, however, show a lower percentage increase from
1 after one application (T2), compared to the other treated skin
nd irritated, untreated skin; followed by an even lesser impact
y the C. niloticus oil lotion. Held et al. (2001) tested several mois-
urizers to determine their abilities of promoting the recovery of
LS irritated human skin. It was found that the moisturizers had
ccelerated barrier regeneration, compared to irritated, untreated
kin. It was, however, suggested that this may  not have been the
ase for all moisturizers. Moisturizers with higher lipid content had
een found to have improved the barrier recovery more that those
oisturizers with a lower lipid content (Held et al., 2001).
In this study, the reference product may  have accelerated the
ecovery of the irritated skin, due to its protective and occlusive
ffect, which, as previously suggested, may  have restricted the
vaporation of water from the skin to allow the skin to recover
ndisturbed (Held et al., 2001).
Interestingly enough, the hydrocortisone cream had demon-
trated a higher percentage change in TEWL from T1, when
ompared to irritated, untreated skin. However, as shown by
wo-way RM ANOVA none of the treatments had statistically sig-
iﬁcantly differed from each other, or from the irritated, untreated
kin (p > 0.05).
Results obtained during the erythema study showed that C.
iloticus oil lotion may  have promising anti-inﬂammatory effects,
hen compared to irritated, untreated skin. During this study,
he anti-erythema efﬁcacy of the formulations were only deter-
ined after a single application. It could therefore be postulated
hat the treatments would neither have adequate time, nor a suf-
cient number of applications to demonstrate whether, or not, it
ould signiﬁcantly decrease haemoglobin levels and TEWL. Addi-
ionally, the small number of volunteers used during this study may
lso not have been an adequately representative sample size from
hich to draw scientiﬁc conclusions and it is recommended that thermacognosia 26 (2016) 521–529
C. niloticus oil lotion be tested on a larger population size to conﬁrm
its possible anti-inﬂammatory capabilities.
In conclusion, C. niloticus oil lotion increased skin hydration, but
to a lesser extent than the reference product. The C. niloticus oil
lotion also increased skin elasticity over a longer treatment period
and may  have potential anti-inﬂammatory effects. In future, the
effect of pure C. niloticus oil (i.e. not in formulation) should also
be tested and the formulation should be optimized to effectively
deliver the C. niloticus oil into the skin layers.
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